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Title: Automatic Tuning system for probe in NMR device etc. 



CLAIMS 
[Claim(s)] 

[Claim 1] An automatic tuning system of a probe in a nuclear magnetic resonance 
(NMR) or nuclear quadrupole resonance (NQR) devices, wherein said tuning system 
inputs RF signal at the frequency of interest into a terminal of a tuneable probe via a 
directional coupler, and takes out the signal reflected at the terminal toward the 
opposite direction via the directional coupler, and tunes the probe so that the intensity 
of the reflected signal becomes the minimum, said automatic tuning system 
constituting the tuning mechanism of the probe so that, when the RF signal contains 
the harmonics of the observation frequency, the system inputs the RF signal into one 
terminal of the tuneable probe by bypassing the directional coupler, takes out the 
signal from another terminal, and tunes the probe so that the intensity of the passed 
signal becomes the maximum. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the apparatus for tuning the probe in 
NMR or NQR devices, and more particularly to the automatic tuning system of a 
probe for the purpose of preventing the tuning sensitivity from being lowered by the 
harmonics of the RF signal inputted into the probe. 
[0002] 

[Description of the Prior Art] There are many kinds of nuclei which can be observed 
with nuclear-magnetic-resonance equipment (henceforth NMR equipment). In the 
latest NMR equipment, the observation of two or more nuclear species with only one 
probe is realised by making the tuning frequency variable. In such a tuneable probe, 
when changing the nuclei of observation one after another, it is essential to tune the 
probe into the frequency specific to the nucleus of interest, because each nucleus 
possesses characteristic resonance frequency. One example of the tuning system of a 
conventional probe for NMR equipment is shown in drawing 4. 
[0003] In drawing 4, the output of the predetermined frequency from RF generator 1 
passes through a gate circuit 2, and is amplified to suitable power by the wide band 
power amplifier 3, and then is applied to a probe 5 through a directional coupler 4. 
The power reflected at the probe 5 is detected through the directional coupler 4, and 
the wave signal is measured by a wave detector. The amplitude of the signal is 
measured by a meter 7. The variable condenser of the probe 5 is adjusted and 
frequency of the probe 5 is tuned up so that the intensity of the signal becomes the 
minimum. 

[0004] In order to increase the tuning precision of the probe 5, it should be avoided to 
heat the probe by the heat generated by the applied RF wave, because the heat 
generated may change the tuning frequencies. 



[0005] Hence, in order for the signal detected by the diode detector 6 through the 
directional coupler 4 to have a sufficiently wide dynamic range and also to suppress 
heat generation inside the probe 5, RF pulse modulation wave of about 10W is used, 
as shown in drawing 5. 

[Problem(s) to be Solved by the Invention] 
[0006] 

However, in the frequency spectrum of an RF pulse modification wave such as the 
one shown in drawing 5, all the frequency components in the pulse wave appear on 
both sides of the carrier frequency. Further, the power of the harmonics of the carrier 
frequency is generally large. Therefore, the harmonics become very detrimental for 
tuning of the probe. 

[0007] The power of the RF carrier, P,«, which is inputted to the probe, is divided into 
the progressive wave power of a fundamental wave, Pn, and the progressive wave 
power of harmonics, ?q. The power reflected at the probe, Pr, is divided into the 
reflected power of a fundamental wave, P rl , and the reflected power of harmonics, P r2 . 
The power reflected at the probe, Pr, is expressed by the following equation when the 
progressive wave power of a harmonic, P Q is totally reflected at the probe. 

[0008] 

Pr=Pflxl0(a/10)+Pf2...(l) 

For example, when the return loss of the probe in fundamental-wave frequency is -20 
dB and the harmonics are not contained in the RF carrier, then Equation (1) becomes 
Pr=Pf 1/1 00 ...(2) 

[0009] Next, when the harmonics are contained in the fundamental wave to the level 
of - 1 5dB, then Equation ( 1 ) becomes 
Pr=Pfl/100+Pf l/3i:6...(3) 

[0010] In Equation (2), a correct value can be obtained for the power of reflected RF 
wave with a -20dB of return loss. In equation (3) it is 
101og[{(Pfl/100+Pf 1/31.6 )/Pf} =M3.8dB. 

Therefore, when the detected power is calculated using Equation (3), accurate tuning 
cannot be performed. 

[001 1] This invention has been made in view of such a situation, and the purpose of 
the invention is to provide an automatic tuning system of the tuneable probe of NMR 
and NQR equipment, which tuning system is made to prevent the tuning sensitivity 
from being lowered by the harmonics of the RF signal inputted into the probe. 

[0012] 

[Means for Solving the Problem] 

In this invention, in order to achieve the aforementioned purposes, an automatic 
tuning system of the probe in the NMR and NQR equipment, which system inputs RF 
signal at the frequency of interest into the terminal of a tuneable probe via a 
directional coupler, and takes out the signal reflected at the terminal toward the 
opposite direction via the directional coupler, and tunes the probe so that the intensity 
of the reflected signal becomes the minimum, has a feature where the automatic 
tuning system constitutes the tuning mechanism of the probe so that, when the RF 
signal contains the harmonics of the observation frequency, the system inputs the RF 



signal into one terminal of the tuneable probe by bypassing the directional coupler, 
takes out the signal from another terminal of the tuneable probe, and tunes the probe 
so as to maximise the intensity of the passed signal. 

[0013] 
[Function] 

In this invention, the automatic tuning system constitutes the tuning mechanism of the 
probe so that, when the RF signal includes the harmonics of the observation frequency, 
the system inputs the RF signal into one terminal of the tuneable probe by bypassing 
the directional coupler, takes out the signal from another terminal, and tunes the probe 
to maximize the intensity of transmitted signal. Owing to this feature, when the RF 
signal does not contain the harmonics, the system enables high precision tuning of the 
probe to minimize the intensity of reflected signal, as in a conventional manner. 
When the RF signal contains the harmonics, the system still enables automatic high 
precision tuning for any given frequencies of interest, by suppressing the reflection of 
the harmonics through selectively detecting the passed signal and tuning the probe 
into the conditions where the signal intensity becomes the maximum. 

EXAMPLES 
[0014] 

[Examples] Hereafter, one example of the automatic tuning system of the probe of 
this invention is explained taking an example of the probe for NMR devices. 
Drawing 1 is the system configuration view of the automatic tuning system of the 
tuneable probe 5 for NMR devices. The system comprises a variable frequency 
oscillator 1, a gate circuit 2, which modulates the observed frequency from the 
variable frequency oscillator into a pulse modulation wave, an amplifier 3, which 
frequency band is from fl to f2, the first switch 13, a directional coupler 4, the second 
switch 14, a tuneable probe 5, which consists of a probe coil L, a condenser C, a 
variable capacitor CV (shown schematically), the third switch 15, a signal detector 6, 
an A/D converter 8, a CPU 9, a ROM 10, a RAM 1 1 , and a motor for the variable 
capacitor CV 12. 

The CPU 9 controls frequency of the variable frequency oscillator 1, the first switch 
13, the second switch 14, the third switch 15, and the motor 1 2. 
The ROM 10 stores the observation frequency (f2-fl)/2 which is used to switch the 
terminals from A to B at the first, second and the third switches. The ROM 10 also 
stores the program which tunes the probe 5 when the three switches are connected to 
terminal a or b. 

The RAM 1 1 stores the intensity of the signal obtained via the detector 6 along with 
the corresponding values of the capacity of the variable capacitor CV or the rotation 
angle of the motor 12. 

[001 5] Before explaining the detailed operation of the automatic tuning system, the 
operation principle is first explained as follows. 

Say an RF signal is inputted into terminal A. If the frequency of the RF signal is in 
agreement with the resonance frequency of the probe 5 which constitutes the 
resonance circuit with a probe coil L, a capacitor C and a variable capacitor CV, there 
will be almost no reflected output from the same terminal A. If not in agreement, the 
input from the same terminal A will be mostly reflected. Therefore, when input . 
frequency is single, the probe 5 can be tuned with high sensitivity by observing the 



intensity of the reflected power taken out from terminal A which is the same terminal 
as for the signal input of the probe 5. 

On the other hand, when the input frequency contains fundamental frequency and its 
harmonics, the power is reflected out from terminal A, because the frequencies of the 
harmonics are not in agreement with the resonance frequency of the probe 5 even if 
the frequency of the fundamental wave is in agreement, and hence, as illustrated 
above, tuning with high sensitivity is difficult to achieve. 

Let's look at the case where the RF signal is inputted from another terminal B of the 
probe 5 and signal-output is taken out from terminal A, assuming the input frequency 
contains the harmonics. In this case, when the frequency of the fundamental wave is 
in agreement with the resonance frequency of the probe 5, the power of the 
fundamental-wave component is outputted from terminal B, but the harmonics do not 
pass this resonance circuit and the power is not outputted from terminal B. 
On the other hand, when the frequency of the fundamental wave is not in agreement 
with the resonance frequency of the probe 5, generally, the harmonics are also not in 
agreement with the resonance frequency of the probe 5, and thus there would be 
almost no output from terminal B. 

Therefore, when the input frequency contains the harmonics, the probe 5 can be tuned 
with high sensitivity by separating the input terminal B from output terminal A of the 
probe 5 and then observing the intensity of passed power. 

[0016] If the RF signal, which is modulated by the gate circuit 2 and has higher than 
second harmonic components, is amplified through amplifier 3, then the harmonics 
may be substantially removed due to the relation between the frequency band of the 
amplifier and the frequencies of the harmonics. 

For example, in case the frequency band of amplifier 3 is from fl to f2 as shown in 
drawing 2, if the input fundamental wave has a frequency higher than (f2-fl)/2, then 
the harmonics can not pass through the amplifier 3 because the harmonics have 
frequencies higher than £2. Therefore, what is necessary is to take out reflected power 
from terminal A, the same terminal as input terminal of the probe 5, and just to tune 
up so that the signal intensity at the output terminal A becomes the minimum. 
On the other hand, if the input fundamental wave has a frequency lower than (f2-fl)/2, 
then the frequencies of the harmonics are within the frequency band of the amplifier, 
and hence the harmonics are amplified with the amplifier 3 and are passed to the 
probe 5. Therefore, what is necessary is to input the signal into the probe 3 through 
terminal B, the different terminal from output terminal A, and just to tune up so that 
the signal intensity at the output terminal A becomes the minimum. 

[001 7] The description made above is the principle of this invention. Next, the 
mechanism of the automatic tuning system shown in Drawing ] is explained below. 

CPU 9 controls variable frequency oscillator 1 , and set the observation frequency foBS 
into the frequency of the generated RF wave. ROM 1 0 stores the values of (f2-fl )/2 
which is related to the frequency band of the amplifier 3 . 

When the frequency of the generated RF wave f 0 Bs is higher than the frequency (£2- 
fl)/2, then CPU 9 switches the terminals of the first, second and third switches to A 
position. On the other hand, when the frequency of the generated RF wave f 0 es is 



lower than the frequency (f2-fl )/2, then CPU 9 switches the terminals of the first, 
second and third switches to B position. 

Therefore, when f obs is lower than (f2-fl )/2, the RF wave is modulated into a pulse 
modulation wave at the gate circuit 2 shown in Drawing 5, and f obs and its harmonics 
are amplified by the amplifier 3. The amplified wave contains the harmonics of fo bs , 
and is passed into the terminal B of the probe 5 through the terminal b of the switch 
13, bypassing the directional coupler 4. Once the RF wave passes through the probe 5, 
it goes out from the other terminal A of the probe into the terminal b of the second 
switch 14 and the terminal b of the third switch 15, further goes into the detector 6 
and is detected, and then is converted into a digital signal by the A/D converter 8, and 
finally reaches CPU 9. CPU 9 records the value of the power thus detected into RAM 
1 1 along with the rotation angle of the Motor 12 or the capacitance of the variable 
capacitor CV. CPU 9 then rotates the motor 12 to change the capacitor of CV, and 
again records the value of the power thus detected into RAM II along with the 
rotation angle of the Motor 1 2 or the capacitance of the v ariable capacitor CV. By 
repeating this operation, the frequency which gives the maximum output power can 
be found, and the frequency is determined as the tuning point for the observation 
frequency foBS- 

[001 8] On the other hand, when the frequency of the generated RF wave foas is 
higher than the frequency (f2-fl )/2, then the RF wave is modulated into a pulse 
modulation wave at the gate circuit 2, and f obs and its harmonics are amplified by the 
amplifier 3. However, since the harmonics have higher frequencies than the upper 
limit frequency f2 of the amplifier, only f 0B s is amplified by the amplifier 3. The 
amplified wave without the harmonics is transferred into the terminal A of the probe 
5 through the terminal a of the switch 1 3, the directional coupler 4 and the terminal a 
of the third switch 14. The reflected signal goes out from the same terminal A of the 
probe through the terminal a of the switch 14, the directional coupler 4 and the 
terminal a of the third switch 1 5. and further goes into the detector 6 and is detected, 
and then is converted into a digital signal by the A/D converter 8, and finally reaches 
CPU 9. CPU 9 records the value of the power thus detected into RAM 1 1 along with 
the rotation angle of the Motor 12 or the capacitance of the variable capacitor CV. 
CPU 9 then rotates the motor 12 to change the capacitor of CV, and again records the 
value of the power thus detected into RAM 1 1 along with the rotation angle of the 
Motor 12 or the capacitance of the variable capacitor CV. By repeating this operation, 
the frequency which gives, this time, the minimum power can be found, and the 
frequency is determined as the tuning point for the observation frequency foas- 

[0019] In this way, when the observation frequency f OBis inputted into the probe 5 
contains harmonics, it is possible to achieve high precision tuning and to prevent the 
fall of tuning sensitivity caused by the harmonics, by inputting RF signal from the 
terminal B of the probe 5 and by-passing the directional coupler 4, and enabling the 
automatic adjustment of the variable capacitor CV so that the reflected power taken 
out from the other terminal A of the probe 5 becomes the maximum. 

[0020] As shown in Drawing 3, when the 3rd harmonic of the observation frequency 
foBs is the strongest among the harmonics inputted in ilw amplifier 3. if the frequency 
of the input fundamental wave is higher than (f2-fl )/3. then the frequency of the 
harmonic is higher than f2 and thus the harmonic is filtered out by the amplifier 3. 



Therefore, in this case, the tuning needs to be made so that, the reflected power 
through the terminals a & A becomes the minimum when f< » HS > (f2-fl )/3, and the 
reflected power through the terminals b & B becomes the maximum when W < (f2- 
fl)/3. 

[0021] Thus, the mechanism of the automatic tuning system has been explained by 
using a tuneable probe in NMR equipment as an example. The same system can also 
be made for a tuneable probe in NQR equipment. It should be apparent that the 
system described above may be implemented with various modifications and should 
not be limited within the said examples. For istance, switches 13, 14 and 15 can be 
replaced with diode switches. 

[0022] 

[Effect of the Invention] According to the automatic tuning system of the probe in the 
NMR equipment of this invention, the automatic tuning system constitutes the tuning 
mechanism of the probe so that, when the RF signal includes the harmonics of the 
observation frequency, the system inputs the RF signal into one terminal of the 
tuneable probe by bypassing the directional coupler, lakes out the signal from another 
terminal, and tune the probe to maximize the intensity of passed signal. Owing to this 
feature, when the RF signal does not contain the harmonics, the system enables high 
precision tuning of the probe so that the intensity of reflected signal becomes the 
minimum, as in a conventional manner. When the RF signal contains the harmonics, 
the system still enables automatic high precision tuning for any given frequencies of 
interest, by suppressing the reflection of the harmonics through selectively detecting 
the transmitted signal and tuning the probe into the conditions where the signal 
intensity becomes the maximum. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an example of the system configuration of an automatic tuning 
system of the tuneable probe for NMR equipments of this invention. 
[Drawing 2] It is a drawing for explaining a terminal output when probe-input RF 
signal contains its second harmonic. 

[Drawing 3] It is a drawing for explaining a terminal output when probe-input RF 
signal contains its third harmonic 

[Drawing 4] It is an example of the system configuration of a conventional tuning 
system of the probe for NMR equipments. 

[Drawing 5] It is an example of the wave pattern of RF pulse modulation wave. 

[Description of Notations] 

1 - Variable frequency oscillator 

2 — Gate circuit 

3 - Amplifier 

4 - Directional coupler 

5 - Tuneable probe 

6 - Wave detector 

8 — A/D converter 

9 CPU 
10 -ROM 



11 -- RAM 

12- Motor 

13 - -The 1st switch 

14 - The 2nd switch 

15 ~ The 3rd switch 
L - Probe coil 

C - Capacitor 

CV— Variable ceramic capacitor 



